A Y A 0 R 0 O R

| US005497140A
United States Patent 9 11] Patent Number: 5,497,140
Tuttle 451 Date of Patent: Mar. 5, 1996
541 ELECTRICALLY POWERED POSTAGE 4,960,983 10/1990 INOUE ..eovrrceerremrceerecrnereenenees 235/449
STAMP OR MAILING OR SHIPPING LABEL 4,962,415 10/1990 Yamamoto et al. ........ccvuriuene. 3577174
OPERATIVE WITH RADIO FREQUENCY 5,023,573  6/199]1 Adam ..eceervciininiiecernncieniessen. 333/17.2
(RF) COWUNICATION 5,095,240 ' 3/1992 Nysen Et ﬂl. -------------------------- 342f4‘4' X
5,144,314  9/1992 Malmberg et al. .......eeiveiennnnnen 342/44
[75] Inventor: Johmn R. Tuttle, Corrales, N.M. (List continued on next page_)
[73] Assignee: Micron Technology, Inc., Boise, Id. FOREIGN PATENT DOCUMENTS
4120265 1/1992 Germany ......cccceeeeeeeeeee GO6K 19/07
[21] Appl. No.: 168,909 1567784  5/1980 United Kingdom ........... GO6K 15/00
[22] Filed:  Dec. 17, 1993 OTHER PUBLICATIONS
o K. Casson et al., “High Temperature Packaging: Flip Chip
Related U.5. Application Data on Flexible Laminate”, Jan. 1992, Surface Mount Technol-
. L ogy, pp. 19-20.
[63] ggl?;iluatloﬂ of Ser. No. 928,899, Aug 12, 1992, aban- R. W‘ JOhnSOH, “P(ﬂymﬂr ThiCk FllmS: TﬂChDOl(}gy ElIld
' | Materials”, Jul. 1982, Circuits Manufacturing (reprint).
[S1] INt. CLS oo eeeeeeee e eeee e eenes GO01S 13/74 K. Gilleo, “Using SM Devices On Flexible Circuitry’, Mar.
[52] US.CL ... 342/51; 340/825.32; 340/825.54; 1986, Electri—onics, pp. 20-23.
342/42; 342/44 M. G. Kanatzibis, “Conductive Polymers™, Dec. 3, 1990,
[58] Field of Search ........oooeoeveeeeeene 342/42, 44, 51; Chemical and Engineering News—American Chemical
340/825.32, 825.54 Society, pp. 36-54.
: Primary Examiner—John B. Sotomayor
156] References Cited Attorney, Agent, or Firm—William J. Bethurum; Robert J.
U.S. PATENT DOCUMENTS Stern
3,706,094 12/1972 Cole et al. ..ccereeveeernreeeenireerarerees 342/44 [57] ABSTRACT
3,750,167 7/1973 Gehman et al. ..eueeeeveeeerreeernranee. 342/44 o _ _
3.780.368 12/1973 Northeved et al. ..ooooovoeooonn 347/44 The present apphication describes an electronically powered
3,832,530 8/1974 Reitbock et al. ..oooueerreeeneneee. 342/44 X ~ postage stamp or mailing label and including a radio fre-
3,849,633 11/1974 Reitbock et al. .....cccvvirerereene 235/487 quency identification (RFID) device and system mounted
4,049,969  9/1977 Salonimer et al. .....coocerrerneeee. 356/5 between the opposing and facing major surfaces thereof. The
4,331,957 5/1982 Enander et al. .......cecoveveemrnrnnnne. 342/22 RFID device and system includes an integrated circuit
4,300441 B8/1983 Val}ghn ) A | SO 342/50 transceiver chip which is connected to and powered by a thin
4,418,411 11/1983 Striefzel viiceiiiiinconsoees 340/870.16 X ﬂﬂt bﬂ.ttery Cell aIld iS Operated With 2 th.in ﬁlm RF antenna,
4,724,427 2/1988  CAMOIL oo 3401572 all of which are mounted in side-by-side relationship on a
4,727,560 2/1988 Van Zanten et al. ... 377/60 . 4 o D
4,746,618 5/1988 Nath et al. ...ccovvrveeerrrcerereeeeenee 43712 thin base_or Support !ayer. Thes:e, th1n_ ai components are
4,756,717 7/1988 Sturgis et al. .ooooeeeemrrmererennnne 427/200 ~ mounted In an essentially two dimensional planar configu-
4,777,563 10/1988 Teraoka €t al. ...oo.ooeeeeeseveemnnnn. 3617395  ration well suited for incorporation into the planar structure
4,783,646 11/1988 Matsuzaki ....cccccereercreerensareacnans 340/572 of a postage stamp or a mailing label. In addition, the RFID
4,827,110  5/1989 Rossi €t al. .ccrvercreereenrnrneernannes 235/376 transceiver chip may be replaced with an electro-optically
4,827,305 5/1989 Anders et al. ..ocoeeeveeeniiirennnn 364/138 Operated IC Chlp using, for example, LEDs or laser diodes
4,854,328 B/1989 PollAck ..coceevnreeennrmmcemnarnernrronsas 128/736 for the propagation of light signals to an interrogator.
4,911,217 371990 Dunn et al. .coccviriiieirvnceennnns 152/152.1
4,918,631 4/1990 Hara et al. wooeeerrreereeeeoreeeneeee 364/708
4,942,327 7/1990 Watanabe et al. .................. 310/313 R S5 Claims, 6 Drawing Sheets

KL

42



5,497,140

Page 2
U.S. PATENT DOCUMENTS 5274221 12/1993 MatSubara ....ooeeeeeeerevresersreersenss 235/492
5,148,504  9/1992 LeVi €t AL wooovooooooooooeoosooeeeeooo 185/14 ig(ﬁzﬁ’ ';"/' gij ?"’i"? et 311' """""""""""""""""" 32;’44
5,153,710 10/1992 MCCRIN «.covereermersemseeseesseresseneeenn 357175 S OKUAR BL AL wovmveeverenscrenseveninees 34250
5,166,502 11/1992 Rendleman et al. .ooevurevevennne. 135/492 5,337,063 8/1994 Takahira ....cccoeecceiiriiiencinnernnnces 343/741
5214410  5/1903 VEISIET weeeererereeeerersnsesneeresmnsens 340/572 5,414.427  5/1995 GUNNATSSON .evereeererreeeeemereeseereens 342/51



U.S. Patent Mar. 5, 1996 Sheet 1 of 6 5,497,140

|0

FIG.




5,497,140

Sheet 2 of 6

Mar. 5, 1996

- U.S. Patent




Sheet 3 of 6

Mar. 5, 1996

U.S. Patent

5,497,140

© Old

U NN NN N NN NN ANNYN

20
TS

7777777777777 7777777,
///I/I‘/////////,/II/I///III}

L

7z

O TR T TTTETEREETETETEEREEEEEESEEEERN
174

<



5,497,140

Sheet 4 of 6

Mar. 35, 1996

U.S. Patent

. v 9Ol

VAV AV SV AVAY4 ‘...u.‘...mm..‘...‘.‘.“.‘.‘.‘.“‘.“‘.‘.‘.’
I N l"ll'l"l'.ll.‘!l..'!l‘ N

"Aﬂﬂ
N\ ’ﬂ"l‘ . . . N . . W, U . W . . . N, " N, . . R NG, . . . V. . . . . . .. . .

Ot 8§ ¢& OF ¢v 0%

S Ot 9

22 2 202 722 7 2 7 2722 227 72 7 2227 202 L L Ll Lol bk dddddlddoadoonl Lo L
N ooy, N N . . U V. . U . . N N N— . W — ————

0 8¢ <¢¢ Ov

dv Dla

. Iililll!ll.ll'llill

0¢ 96 2¢ 8b

Vv Ol

2 7 2 272 2 7 2 7 2 7727 7270 L2272 270 L7 2L L Ll L L LL LLLL L L L L LLL L
Ll L

Og 96 <¢¢€ 8V




U.S. Patent Mar. 5, 1996 Sheet 5 of 6 5,497,140

/-—,/\.ﬂ

FIG. 5




5,497,140

Sheet 6 of 6

Mar. 5, 1996

U.S. Patent

99

AHOWIN

o8

(sS)
4ILIINSNVYHL

0L

9 Old

84

145

89

¢l 84

PL

¢8

21907 TOYLINOD

06 08

(sS)
43AI3 D3y

11010413

dl INVM /7 43315

9L



5,497,140

1

ELECTRICALLY POWERED POSTAGE
STAMP OR MAILING OR SHIPPING LABEL
OPERATIVE WITH RADIO FREQUENCY
(RF) COMMUNICATION

This application is a continuation of application Ser. No.
07/928,899, filed Aug. 12, 1992, now abandoned.

TECHNICAL FIELD

This 1nvention relates generally to electricaily powered
postage stamps and mailing labels which operate to transmit
radio frequency (RF) identification signals to an interrogator
either at the point of shipment origin, in transit, or upon
reaching a point of destination. More particularly, this
invention relates to such stamps and labels having an
integrated circuit therein powered by a thin flat battery cell.

RELATED APPLICATION AND BACKGROUND
ART

In my co-pending application Ser. No. (71-579) entitled
“Radio Frequency Identification Device and Method of
Manufacture, Including an Electrical Operating System and
Method”, filed Jun. 17, 1992, there are disclosed and
claamed new and improved radio frequency identification
(RFID) tags which may be affixed to various articles (or
persons) so that these articles, when shipped, may be easily
tracked from the point of shipment origin, then along a given
route, and then readily located upon reaching a point of
destination. These RFID tags are constructed within a small
area on the order of one inch (1") square or less and of a
thickness on the order of 30 mils. These tags include, among
other things, an integrated circuit (IC) chip having transmit-
ter, receiver, memory and control logic sections therein
which together form an IC transceiver capable of being
powered by either a small battery or by a capacitor charged
from a remote RF source. The IC chip including the RF
transmitter and receiver sections operates to provide for the
RF signal transmission and reception to and from remote
sources, and a thin film antenna is also constructed within
the above small area. The above novel RFID system oper-
ates to receive, store, and transmit article-identifying data to
and from the memory within the IC chip. This data is stored
within the IC chip memory stage and may be subsequently
called up and transmitted to an interrogating party at the
above point of origin, points along a given shipment route,
and then upon reaching a point of destination. This co-
pending application is assigned to the present assignee and
1s incorporated herein by reference.

The RFID device disclosed and claimed in my above
identified co-pending application represents not only a fun-
damental breakthrough in the field of RF identification
generally, but also represents significant specific advances
over the prior art described in some detail 1n this co-pending
application. This prior art includes relatively large hybrid
electronic packages which have been aifixed to railroad cars
to reflect RF signals in order to monitor the location and
movement of such cars. This prior art also includes smaller
passive RFID packages which have been developed in the
field of transportation and are operative for tracking auto-
mobiles. These reflective passive RFID packages operate by
modulating the impedance of an antenna, but are generally
inefficient in operation, require large amounts of power to
operate, and have a limited data handling capability.
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The above mentioned prior art still further includes bar
code 1dentification devices and optical character recognition
(OCR) devices which are well known in the art. However,
these bar code identification and OCR devices require labor
intensive operation and tend to be not only very expensive,
but mighly unreliable. However, all of the above mentioned
prior art devices described in my above co-pending appli-

cation are only remotely related to the present invention as

will become more readily apparent in the following descrip-
tion thereof.

SUMMARY OF INVENTION

The general purpose and principal object of the present
invention 1s to provide still further new and usetul improve-
ments in the field of radio frequency identification (RFID)
generally and improvements which are particularly adapted
and well-suited for operation with electrically powered
postage stamps and mailing labels. These new and useful
improvements are made both with respect to the novel
devices and processes described and claimed in my above
identified co-pending application, and also with respect to
all of the prior art descrnibed therein.

To accomplish the above purpose and object, there have
been developed both an electrically powered postage stamp
and an electrically powered mailing label, each of which
include, in combination, an integrated circuit chip having an
RF transceiver constructed therein; a thin flat battery cell
connected to the IC chip for providing power thereto; and a
thin film RF antenna connected to the IC chip for transmit-
ting data to and {rom the IC chip. All of the above compo-
nents are connected in a very thin array and mounted
between opposing major facing surfaces of either a postage
stamp or a larger mailing or shipping label in a substantially
two dimensional planar configuration. These components
are operative to store data in the IC chip memory, which data
includes such things as the destination address, return
address, and descriptions of the contents of the article being
mailed or shipped. These components are further operative
in a novel system combination to transmit the stored data to
an interrogating party upon receipt of RF interrogation
signals transmitted to the stamp or label, or to receive data
from same.

Accordingly, 1t is another object of this invention to
provide a new and improved RFID stamp or label of the type
described which is uniquely constructed in an essentially
two dimensional configuration which is easily scalable to the
two dimensional major surface area of either a postage
stamp or a mailing label.

Another object of this invention 1s to provide a new and
improved electronically powered stamp or label of the type
described and process for making the stamp or label which
employs certain novel, thin film fabrication techniques
capable of producing device thicknesses on the order of a
fraction of a millimeter. These thicknesses are typically
within the range of one to five mils, thereby being extremely
well suited and adapted for use with corresponding postage
stamp or mailing label thickness dimensions.

A further object of this invention 1s to provide a new and
improved electronically powered postage stamp or mailing
label of the type described including RFID integrated cir-
cuitry which is operatively powered by a flat and very thin
battery and imparts a high and sophisticated degree of RF
communication capability to these stamps or labels without
significantly increasing the overall size and volume of the
stamps or labels.
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The above brief summary of the invention, together with
its various objects, novel features and attendant advantages,
will become more readily apparent in the following descrip-
tion of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of the electrically
powered mailing or shipping label embodiment of the inven-
tion, including the novel radio frequency identification sys-
tem mounted on the label base member. However, it should
be understood that there is no basic functional difference in
the label and stamp embodiments of the invention, and that
the label cover and label base members shown in FIG. 1
apply equally as well to the smaller stamp cover or stamp
base members which, for sake of brevity, have not been
shown 1n the drawings.

FIG. 2 i1s an enlarged perspective view of an RFID device
and label or stamp package constructed in accordance with
a preferred embodiment of the present invention.

FIG. 3 is a plan view showing the conductive patterns on
the base and cover members used 1n FIG. 2, mcluding dotted
line outlines for the locations of the IC chip and batteries
which form the FIG. 2 structure.

FIGS. 4A through 4D are cross sectional views taken
along lines 4—4 of FIG. 3 showing the four (4) major
processing steps which are used in constructing the RFID
device and systemn array in accordance with a preferred
process embodiment of the invention.

FIG. 5 1s a greatly enlarged perspective view of one
suitable, very thin lithium/vanadium-oxide/copper battery or
cell usetul in the label and stamp embodiments and perspec-
tive views shown in FIGS. 1 and 2 above.

FIG. 6 is a functional block diagram showing the major
signal processing stages within the RFID integrated circuit
chip described herein and shown in FIGS. 1 and 2 above.
These major signal processing stages are also used within
the interrogation unit (not shown) which is operative to
interrogate the IC chip shown in FIGS. 1 and 2 above.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to FIG. 1, the electrically powered, RF
operative label or stamp includes a cover member 10 and a
base member 12 upon which a radio frequency identification
system has been constructed using thin fiim deposition
techniques of the type described in my above identified
copending application Ser. No. (71-579) filed Jun. 17, 1992.
Functionally speaking, the RFID system 14 will include one
or more thin flat battery cells 16 and 18 which are connected
in series as indicated by line 20 and are both connected via
line 22 to drive an integrated circuit transceiver chip 24. The
IC transceiver chip 24 will preferably be connected to a
dipole antenna consisting of thin film antenna strips 26 and
28, and the dipole antenna 26 and 28 is operative to both
transmit RF signails from the IC chip 24 to a controller and
to receive incoming RF signals from an external RF source
controller and operative to encode this data in IC chip
memory in a manner more particularly described below with
reference to FIG. 6. This data will typically include infor-
mation on the article to which the label or stamp are affixed,
such as an identification number, the sender’s name, point of
origin, weight, size, route, destination, and the like. In
addition, the RFID system 14 may be used to automatically
RF communicate with postage meters and with automatic
sorting machines to thereby completely eliminate the need
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4

for human intervention for such automatic sorting, thereby
greatly reducing automatic mail sorting costs while simul-
taneously greatly increasing the speed and accuracy of the
mail sorting process.

The thin flat battery cells 16 and 18 can be made of
various materials and typicailly include an anode, a coliector,
a cathode material, and a battery separator including a
polymer and electrolytes of the type described below so as
to not exceed a total battery thickness of 1 to 10 mils, while
simultaneously being flexible and 1n some cases recharge-
able. Furthermore, imminent commercialization of solid thin
flat batteries having useful current levels at low temperatures
makes the present invention commercially viable. Thus,
since the IC chip 24 can also be made of thicknesses of no
greater than § mils and since the thin film metal dipole
antenna strips 26 and 28 may be held to thicknesses less than
1 to 2 mils, it 18 seen that the total added thickness between

the label cover and base layers 10 and 12 will be negligible
and not significantly affecting the bulk or the volume of the
stamp or label into which the RFID system 14 is incorpo-
rated.

Referring now to FIG. 2, there 1s shown in a perspective
view a preferred device embodiment of the present invention
wherein the RFID tag includes a base support layer 30 upon
which an integrated circuit chip 32 is disposed on the near
end of the layer 30 and connected to a dipole antenna
consisting of a pair of conductive strips 34 and 36 extending
laterally from the chip 32. These conductive strips 34 and 36
will typically be screen printed on the upper surface of the
base support layer 30.

A pair of rectangularly shaped batteries 38 and 40 are
positioned as shown adjacent to the IC chip 32 and are also
disposed on the upper surface of the base support member
30. The two rectangular batteries 38 and 40 are electrically
connected in series to power the IC chip 32 in a manner more
particularly described below. The device or package shown
in FIG. 2 is then completed by the folding over of an outer
or upper cover member 42 which 15 sealed to the exposed
cdge surface portions of the base member 30 to thereby
provide an hermetically sealed and completed package.
When the cover member 42 is folded over on the base
member, the contact 50 which is attached to batteries 38 and
40 using conductive epoxy, provides the back side series
electrical connection for the two batteries 38 and 40. The
integrated circuit chip 32 has transmitter, memory, control,
logic, and receiver stages therein and is powered by the two
batteries 38 and 40 during the transmission and reception of
data to and from an interrogator to provide the interrogator
with the various above information and identification param-

eters concerning the article, animal or person to which the
RFID tag is attached.

Reterring now to FIG. 3, there is shown a plan view of the
geometry of the base support member 30 and the cover
member 42 which, during the initial manufacturing stage for
the RFID device, are joined at an intersecting line 44. The
dipole antenna strips 34 and 36 are shown positioned on
each side of the IC chip 32, and the two conductive strips 46
and 48 serve to connect the tops of the batteries 38 and 40
into the IC chip 32. A conductive strip 50 is provided on the
upwardly facing inside surface of the top cover 42, so that
when the cover 42 is folded by 180° at intersecting line 44,
its outer boundary 52 is ready to be sealed with the outer
boundary 54 of the base support member 30. Simulta-
neously, the conductive strip 50 bonded by the conductive
epoxy to the batteries 38 and 40, completes the series
electrical connection used to connect the two batteries 38
and 40 in series with each other and further in the series
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circuit with the integrated circuit chip 32 through the two
conductors 46 and 48.

Referring now to FIGS. 4A through 4D taken at the
4A-4D cross section indicated in FIG. 3, FIG. 4A shows in
cross section view the IC chip 32 bonded to the base support
member 30 by means of a spot or button of conductive
epoxy material §6. The conductive strip 48 is shown in cross
section on the upper surface of the base support member 30.

Referring now to FIG. 4B, the battery 40 is aligned in
place as indicated earlier in FIG. 2 and has the right hand end
thereof bonded and connected to the upper surface of the
conductive strip 48 by means of a spot of conductive epoxy
applied to the upper surface of the conductive strip 48, but
not numbered 1n this figure.

Referring now to FIG. 4C, a stiffener material 58 is
applied as shown over the upper and side surfaces of the 1C
chip 32, and the stiffener material will preferably be an
insulating material such as “‘glob-top” epoxy to provide a
desired degree of stifiness to the package and protection for
the integrated circuit as completed.

Next, a spot of conductive epoxy is applied to each end of
the conductive strip 50, and then the cover layer material 42

with the conductive epoxy thereon 1s folded over onto the
batteries 38 (of FIG. 2) and 40 and the base member 30 to
cure and heat seal and thus complete and seal the package in

the configuration shown in FIG. 4D. This figure corresponds
to the remaining stations 22, 24, and 26 in FIG. 1.

Referring now to FIG. 5, there is shown in a greatly
enlarged perspective view a lithium/vanadium-oxide/copper
battery including a lithium anode 60 as a top plate for the
battery, an intermediate polymerized vanadium oxide elec-
trolyte and separator layer 62 and a copper collector 64.
However, the layer 62 is not limited to the use of vanadium
oxide (V,0O; or V.O,;), but may use other oxides such as
magnesium oxide, MnO,. The intermediate layer 62 1is
formed and polymerized on the upper surface of the copper
collector 64 and may be obtained from outside manufactur-
ers or vendors as a one piece sheet (62, 64) and then
assembled in house with lithinm top anode sheets. Alterna-
tively, the thin flat battery structure shown in FIG. § may be
obtained as a completed battery cell {rom outside vendors or
manufacturers. The thickness of these thin flat batteries will
typically be in the range of 1 to 10 mils, and as previously
indicated may be made as thin as a fraction of a mil. The
components are assembled in an argon or other inert dry
atmosphere using state of the art thin dry cell fabrication
techniques. The use of conductive polymer layers as sepa-
rators in thin flat battery cells is generally known in the art
and is described, for example, in an article by M. G.
Kanatzibis entitled “Conductive Polymers” Chemical and
Engineering News—American Chemical Society, Dec. 3,
1990, incorporated herein by reference.

Referring now to FIG. 6, the rectangular outer boundary
66 in this figure defines the active area on the integrated
circuit chip (e.g. 24 in FIG. 1) in which the novel integrated
circuit transceiver has been formed using state of the art
MOS planar processing techmiques. These MOS planar
processing techniques are well known 1n the art and are,
therefore, not described in detail herein. Within the chip
active area 66 there is provided an RF receiver stage 68 and
an RF transmitter stage 70, both connected through a com-
mon line or connection 72 to an off-chip antenna 74 of any
planar type. A sleep/wake up circuit 76 is also connected via
line 78 to the antenna 74 and operates in response to signals
received from the antenna 74 to activate the necessary
remaining circuitry and stages on the IC chip 66 described
below.
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The receiver 68 is connected through a line 80 to a control
logic stage 82, and a first output line 84 from the control
logic stage 82 15 connected as an input to the memory stage
86. A return output line 88 from the memory stage 86
connects back to the control logic stage 82, and a second
output line 90 from the control logic stage 82 connects as a
second input to the transmitter 70 for providing memory or
stored input data to the transmitter 70 via the control logic
stage 82. In a data encoding operation, the data received
concerning ID number, name, route, destination, size,
welight, etc. is processed through the receiver 68 and through
the control logic stage 82 and encoded into the memory
stage 86. |

As an example of a data call-up operation, when the RFID
package in the above figures 1s placed on the outside surface
of a piece luggage by the airlines or on a package for
shipment by the postal service, either the airline agent or the
postal worker will transmit information to the receiver 68
via an RF communication link concerning data such as the
owner’s name ID number, point of origin, weight, size,
route, destination, and the like. This information received at
the receiver stage 68 is then transmitted over line 80 and
through the appropriate control logic stage 82 which sorts
this information out in 2 known manner and in turn transmits
the data to be stored via lines 84 into a bank of memory 86.
This data 1s stored here in memory 86 until such time that it
is desired to call up the data at one or more points along the
shipment route.

For example, upon reaching a point of shipment destina-
tion, an interrogator may want to call up this data and use 1t
at the point of destination for insuring that the item of
shipment or luggage 1s most ensuredly and efficiently put in
the hands of the desired recipient at the earliest possible
time. Thus, an interrogator at the destination point will send
interrogation signals to the RFID chip 66 where they will be
received at the antenna 74 and first processed by a sleep/
wake up circuit 76 which operates to bring the FIG. 6
circultry out of the sleep mode and allow the receiver stage
68 to process this received data to the control logic stage 82
via line 80. At the same time, the requestor will be operating
an interrogation electronic unit having therein the same
circuitry as that shown in FIG. 6, less the sleep/wake up
circuit 76.

With all stages in the FIG. 6 circuitry now awake, the
memory stage 86 will produce the above six pieces of
information relating to the shipped article and generate this
data on line 88 and back through the control logic stage 82
into the transmitter 70 so that the transmitter 70 can now
transmit this data to the interrogator.

The receiver and transmitter sections 68 and 70 in FIG. 6
will preferably be operated in one of the well known spread
spectrum (SS) modes using one of several available SS types
of modulation which inciude: (1) direct sequence, (2) fre-
quency hopping, (3) pulsed FM or chirped modulation, (4)
time hopping, or time-frequency hopping used with pulse
amplitude modulation, simple pulsed amplitude modulation
or binary phase shift keying. The spread spectrum mode of
operation per se 1s generally well known 1n the art and must
conform to the frequency band separation requirements of
the FCC Regulations, Part 15, incorporated herein by ref-
erence. The circuitry for the interrogation unit (not shown)
will be similar to the functional system shown in FIG. 6 as
will be understood by those skilled in the art, and therefore
the interrogation unit will not be described herein.

Various modifications may be made in and to the above
described embodiment without departing from the spirit and
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scope of this invention. For example, various modifications
and changes may be made in the antenna configurations,
battery arrangements (such as battery stacking), device
materials, device fabrication steps, and the system block
diagram in FIG. 6 without departing from the scope of this
invention. In addition, the various oif chip components such
as the antenna, battery, capacitor, and even inductors can be
manufactured on-chip within the claims herein. In the case
where RF charging is used, a battery will not be required.
Accordingly, these and other constructional modifications
are within the scope of the following appended claims.

In addition, still other modifications may be made in and
to the above described cell fabrication and device fabrication
procedures without departing from the spirit and scope of
this invention. For example, the present invention is not
limited to the use of any particular types of thin flat battery
cells or materials or cell fabrication processes, nor is it
limited to the particular preferred tabrication technique for
the RFID system as shown in FIGS. 2, 3, and 4 above.
Moreover, the present invention is not strictly lirmited to the
use of radio frequency communication and may, in environ-
ments where RF signals are not allowed, be modified so that
the IC chip transceiver is capable of communicating with
light waves using certain state of the art electro-optical
coupling techniques which are not described herein, but are
clearly within the scope of the following appended claims.

Finally, it will be understood and appreciated by those
skilled in the art that the present invention aiso includes
forming an optical detector on the IC chip as a means of
receiving and detecting signals carried by light and also as
a means of powering the RFID transceiver as an altermative
to using a battery. Accordingly, these and other systems and
constructional modifications are clearly within the scope of
the broad claims filed herein.

I claim:

1. A miniature radio frequency identification transceiver,
comprising:

(a) a thin sheet bounded by first and second outer surfaces;

(b) a thin, flat battery bounded by first and second planar
electrodes separated by less than 30 mils so that the
battery has a thickness less than 30 mils, the first
electrode being mounted on and bonded directly to the
first surface of the sheet;

(c) an integrated circuit including a radio frequency
identification transceiver circuit, having a thickness
less than 30 mils, and being mounted on and bonded
directly to the first surface of the sheet:

(d) a first conductive strip on the first surface of the sheet,
the strip being no greater than 2 mils in thickness and
being shaped so as to function as a radio frequency
antenna, the strip being connected to the integrated
circuit by electrically conductive adhesive; and

(e) a second conductive strip on the first surface of the
sheet, the strip being no greater than 2 mils in thickness
and having one end connected to the battery and an
opposite end connected to the integrated circuit, both
connections being secured by electrically conductive
adhesive;

(f) a cover bonded directly to the sheet at a mutual
periphery so that the cover and the sheet sealingly
enclose the battery and the integrated circuit;

(g) wherein the sheet and the cover each have a thickness
not substantially greater than either the thickness of the
battery or the thickness of the integrated circuit,
whereby the transceiver is extremely thin.

2. A miniature radio frequency identification transcetver,

comprising:
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(a) first and second covers, each cover being a thin sheet,
the two covers being bonded directly together at a
mutual periphery so as to sealingly enclose a thin,
planar cavity;

(b) a thin, flat battery located within the cavity, the battery
being bounded by first and second planar clectrical
terminals separated by less than 30 mils so that the
battery has a thickness less than 30 mils, the first and
second terminals being bonded directly to the first and
second covers, respectively;

(c) an integrated circuit including a radio frequency
identification transceiver circuit, wherein the integrated
circuit 1s located within the cavity, has a thickness less
than 30 mils, and is bonded directly to the first and
second covers;

(d) a first conductive strip on the intertor surface of at least
one of the covers, the strip being no greater than 2 mils
in thickness and being shaped so as to function as a
radio frequency antenna, the strip being connected to
the integrated circuit by electrically conductive adhe-
sive; and |

(e) a second conductive strip on the interior surface of at
least one of the covers, the strip being no greater than
2 mils in thickness and having one end connected to the
battery and an opposite end connected to the integrated
circuit, both connections being secured by electrically
conductive adhesive;

(f) wherein each of the two covers has a thickness not
substantially greater than either the thickness of the
battery or the thickness of the integrated circuit,
whereby the transceiver 1s extremely thin.

3. A miniature radio frequency identification transceiver,

comprising:

(a) first and second covers, each cover being a thin sheet,
the two covers being bonded directly together at a
mutual periphery so as to sealingly enclose a thin,
planar cavity having a thickness no greater than 10
mils:

(b) a thin, flat battery located within the cavity, the battery
being bounded by first and second planar electrical
terminals separated by less than 10 mils so that the
battery has a thickness no greater than 10 muls, the first

and second terminals being bonded directly to the first
and second covers, respectively;

(c) an integrated circuit including a radio frequency
identification transceiver circuit, wherein the integrated
circuit is located within the cavity, has a thickness no
greater than 10 mils, and 1s bonded directly to the first
and second covers;

(d) a first conductive strip on the interior surface of at least
one of the covers, the strip being no greater than 2 mils
in thickness and being shaped so as to function as a
radio frequency antenna, the strip being connected to
the integrated circuit by electrically conductive epoxy:;
and

(e) a second conductive strip on the interior surface of at
least one of the covers, the strip being no greater than
2 mils in thickness and having one end connected to the
battery and an opposite end connected to the integrated
circuit, both connections being secured by ¢lectrically
conductive epoxy; |

(f) wherein each of the two covers has a thickness not
substantially greater than either the thickness of the
battery or the thickness of the integrated circuit,
whereby the transceiver i1s extremely thin.
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4. A transceiver according to claim 2, wherein

(a) the first and second battery terminals are composed of
a lithium sheet and a copper sheet, respectively; and

(b) a polymerized electrolyte fills a volume separating the
two battery terminals.

5. A miniature radio frequency identification transceiver,

comprising:

(a) upper and lower covers, each cover being a thin sheet,
the two covers being bonded directly together at a
mutual periphery so as to sealingly enclose a thin,
planar cavity;

(b) an integrated circuit including a radio frequency
identification transceiver circuit, wherein the integrated
circuit is located within the cavity, has a thickness no
greater than 30 mils, and is bonded directly to the upper
and lower covers; |

(c) a first conductive strip on the interior surtace of at least
one of the covers, the strip being no greater than 2 mils
in thickness and being shaped so as to function as a

radio frequency antenna, the strip being connected to
the integrated circuit;

(d) first and second thin, flat batteries located within the
cavity, each battery being bounded by a planar upper
electrical terminal and a planar lower electrical termi-
nal separated by less than 30 mils so that each battery
has a thickness no greater than 30 mils, the upper and
lower terminals of each battery being bonded directly
to the upper and lower covers, respectively;
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(e) a second conductive strip on the interior surface of the
lower cover, the strip being no greater than 2 mils in
thickness and having one end connected to the lower
terminal of the first battery and an opposite end con-
nected to the integrated circuit;

(f) a third conductive strip on the interior surface of the
lower cover, the sirip being no greater than 2 mils in
thickness and extending between one portion con-
nected to the lower terminal of the second battery and
another portion connected to the integrated circuit; and

(g) a fourth conductive strip on the interior surface of the
upper cover, the strip being no greater than 2 mils in
thickness and having one end connected to the upper
terminal of the first battery and an opposite end con-
nected to the upper terminal of the second battery;

(h) wherein the upper and lower terminals of one battery
are negative and positive, respectively, and wherein the
upper and lower terminals of the other battery are
positive and negative, respectively;

(i) whereby the fourth strip connects the two batteries in
series, and whereby the second and third strips permit
the integrated circuit to connect to both positive and
negative battery terminals from below the integrated
circuit.
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